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ABSTRACT
We quantize the type IIB GS string ation on AdS3 ⊗ S3 with pure
NSNS bakground ux and we show that it is equivalent to Liouville
with periodi boundary ondition plus free spaetime fermions.
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1 Introdution.
The AdS/CFT onjeture ([1℄,[2℄,[3℄) has in the last year attrated a lot of inter-
est and work, one of its onsequenes is that the lassial (i.e. no string loops)
type IIB superstring propagating in a AdS5 ⊗ S5 bakground is the mastereld
of the N = 4 D = 4 SYM based on the U(N) gauge group. It has therefore
beome important to write the lassial ation for the above mentioned type
IIB superstring and then to rst quantize it. The rst step has been aom-
plished. It started with a series of works ([5℄,[6℄,[7℄) whih developed the now
alled superoset approah, nevertheless the rst proposal for a superstring a-
tion whih appeared in hronologial order ([9℄) was obtained using a dierent
approah with respet to the above mentioned superoset approah, namely the
supersolvable approah ([4℄) while the seond one ([10℄) was obtained using the
superoset approah. These two proposals were shown to be equivalent in ([11℄).
Even if the resulting ation an be very easily written down and we an thrust
it is the proper onformal ation ([5℄,[8℄), it is still unlear how to proeed to
quantize it expliitly. Despite a reent proposal ([13℄) on how to ompletely
x the onformal symmetry in a perturbative way we are still far from a satis-
fatory way to quantize this ation, the main reason is that it desribes a RR
bakground whih reets into the fat that the theory is not a usual WZW
model beause it has not the left/right symmetry ([5℄). In view of the fat that
expliit omputations of N = 4 D = 4 SYM amplitudes in the leading order
([15℄) and next to leading order ([16℄) in λ ( λ = Ng2YM >> 1 ) based on this
onjeture have revealed the possible appearane of logarithm and even if the
results in this eld are far from be denitive beause of the diulties of om-
puting all the ontributions expliitly, it has beome even more important to be
able to understand how to quantize this ation.
Another unrelated aspet whih is also very important is to gain a better
understanding of the holographi way of storing the dof on the boundary eld
theory ([17℄).
In order to get some hint on these problems we ould start to look at some
simpler examples where one an at least partially ompare with a well dened
NSR formulation: it is in fat purpose of this paper to quantize the expliit κ
gauge xed ation for type IIB string propagating on AdS3 with a pure NSNS
bakground ux. This ation was derived in ([23℄), related work on RR bak-
ground an be found in ([24℄). The NSR formulation has been worked out in
([18℄) and further elaborated in ([19℄), see also ([20℄) for some work on light
one quantization and ([22℄) for a new approah based on superalgebra WZW
models.
The main result of this paper is that all the gauge symmetries an be xed
and the Virasoro onstraints solved so that we are left with Liouville theory
with worldsheet periodi boundary onditions plus spaetime free fermions.
The plan of the paper is the following. In setion 2 we write the ation we
want to deal with. In setion 3 we write the general solution of its equations of
motion. In setion 3 we derive the Dira brakets assoiated with our ation. In
setion 4 we disuss the gauge xing of the residual onformal symmetry after
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the hoie of the onformal gauge and we solve the Virasoro onstraints. In
setion 5 we write the ation to be quantized and we quantize it. Finally in
setion 6 we disuss the meaning and the prospetives of this result.
2 The GS ation for pure NSNS bakground.
We start writing the κ xed ation for a type IIB superstring propagating on
AdS3 × S3 × T 4 with pure NSNS bakground using the notations of ([23℄):
S = −T
2
∫
Σ2
d2ξ
√−g gαβ 1
2
×{
2e2 r2
[
∂αx
+ +
i√
2
θ(+)∗n
↔
∂ α θ(+)n
] [
∂βx
− +
i√
2
θ(−)∗m
↔
∂ β θ(−)m
]
− 1
e2
∂αr ∂βr
r2
− 4
e2
δij
∂αy
i ∂βy
j
(1 − y2)2 − δrs ∂αz
r ∂βz
s
}
+|e| e r2
[
dx+ +
i√
2
θ(+)∗n
↔
d θ(+)n
]
∧
[
dx− +
i√
2
θ(−)∗m
↔
d θ(−)m
]
−1
3
ρe
∫
B3
8
|e|3 ǫijk
dyi ∧ dyj ∧ dyk
(1− y2)3 (2.1)
where x± and r are the AdS3 oordinates, yi are the S3 projetive oordinates,
zr are the T 4 oordinates and θ
(±)
n (n = 1, 2 ) are the surviving fermioni
oordinates after the xing of the κ gauge symmetry: more preisely θ(+)n
(θ(−)n) is the lower (upper) omponent of a 3D spinor Θ(+)n (Θ(−)n). Moreover
ρ = ±1 is a free parameter and ↔∂= −→∂ −←−∂
As derived ([23℄) this ation an only desribe the states whih satisfy the
ondition
r2
(
E−0 −
e
|e|E
−
1
)(
E+0 +
e
|e|E
+
1
)
6= 0 (2.2)
where E
(±)
α is the omponent along dξα of the pullbak of E(±) = dx± +
i√
2
θ(±)∗n
↔
d θ(±)n on the string worldsheet.
The rst thing to notie is that this ation (2.1) an be written as the sum
of three independent terms. The rst term is the WZW ation for the SU(2)
group written in projetive oordinates yi when SU(2) is reinterpreted as S3,
the seond term is the free ation for T 4 in at oordinates zr and the third
and interesting part is the ation for a superstring on AdS3. When we use
dξα ∧ dξβ = ǫαβd2ξ the latter an be written as
SAdS3 = −
T
2
∫
Σ2
d2ξ
√−g ×
{
− 1
2e2
gαβ
∂αr ∂βr
r2
|e|2
(
gαβ +
e
|e|
ǫαβ√−g
)
r2
[
∂αx
+ +
i√
2
θ(+)∗n
↔
∂ α θ(+)n
] [
∂βx
− + i√
2
θ(−)∗m
↔
∂ β θ(−)m
]}
2
If we hoose e = −|e|, we x the onformal gauge gαβ = eφηαβ and we hange
oordinate as r = eρ, the previous ation beomes equivalent to
SAdS3 = −
T
2
∫
Σ2
d2ξ
{− 1
e2
∂+ρ∂−ρ
+2e2 e2ρ
[
∂−x+ +
i√
2
θ(+)∗n
↔
∂− θ(+)n
] [
∂+x
− + i√
2
θ(−)∗n
↔
∂+ θ(−)n
]}
(2.3)
along with the Virasoro onstraints
2e2e2ρ
[
∂±x+ +
i√
2
θ(+)∗n
↔
∂± θ(+)n
] [
∂±x− +
i√
2
θ(−)∗n
↔
∂± θ(−)n
]
− 1
e2
(∂±ρ)
2 = 0
(2.4)
With the same hoies the onstraint on the states whih an be desribed by
this ation reads
e2ρ
[
∂−x+ +
i√
2
θ(+)∗n
↔
∂− θ(+)n
] [
∂+x
− +
i√
2
θ(−)∗n
↔
∂+ θ(−)n
]
6= 0 (2.5)
3 Equations of motion and their solution.
It is now an easy matter to derive the bosoni equations of motion for this pure
NSNS bakground
∂+
(
e2ρ
[
∂−x+ +
i√
2
θ(+)∗n
↔
∂− θ(+)n
])
= 0
(3.1)
∂−
(
e2ρ
[
∂+x
− +
i√
2
θ(−)∗n
↔
∂+ θ(−)n
])
= 0
(3.2)
∂+∂−ρ+ 2e4e2ρ
[
∂−x+ +
i√
2
θ(+)∗n
↔
∂− θ(+)n
] [
∂+x
− +
i√
2
θ(−)∗n
↔
∂+ θ(−)n
]
= 0
(3.3)
as well as the fermioni ones, of whih we write just one beause all the others
are very similar
∂−θ(+)n e
2ρ
[
∂+x
− +
i√
2
θ(−)∗n
↔
∂+ θ(−)n
]
= 0 (3.4)
We notie that to derive this equation we have made expliit use of eq. (3.2).
The important point to realize is that beause of the onstraint on the states
whih an be desribed (2.5) this equation implies the free equation of motion
∂−θ(+)n = 0 (3.5)
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The remaining fermioni equations of motion imply that all the θ are also almost
free (almost beause as we will see their Dira brakets are not the free ones
before the xing of the residual onformal symmetry), expliitly we nd the
following equations
∂−θ∗n(+) = ∂+θ(−)n = ∂+θ
∗n
(−) = 0 (3.6)
whih an be trivially solved as
θ(+) = θ(+)(ξ
+) (3.7)
θ(−) = θ(−)(ξ
−) (3.8)
The bosoni equations an be solved expliitly too ([19℄) sine they imply a
kind of generalized Liouville equation; the solution reads
x+ = a(ξ+) + k(+)e
−2c(ξ+) b(ξ
−)
1 + b(ξ+)b(ξ−)
(3.9)
x− = a(ξ−) + k(−)e
−2c(ξ−) b(ξ
+)
1 + b(ξ+)b(ξ−)
(3.10)
ρ = lg
(
1 + b(ξ+)b(ξ−)
)
+ c(ξ+) + c(ξ−) (3.11)
with 2e4k(+)k(−)+1 = 0 . Notie that k(+) has opposite sign wrt k(−) but their
absolute sign is not important sine it an be hange by hanging the sign of
both b and b.
Sine we are dealing with a fundamental string all the oordinates have to
be periodi in σ = ξ1 with period π nevertheless this does not imply that b(ξ+)
has to be expanded in integer powers of e2iξ
+
.
It is nie to verify that this solution expliitly implies the energy tensor
onservation that in turn implies that the Virasoro onstraints an be used to
derive a and a as done later.
4 Dira Brakets.
We want now to examine the Dira brakets assoiated with the ation (2.3)
sine they are useful later when we disuss the nal ation. To this purpose we
proeed in the standard way and we dene the onjugate momenta as
P = ∂L
∂ρ˙
=
T
2e2
ρ˙
P− = ∂L
∂x˙−
= −Te
2
√
2
e2ρ
[
∂−x+ +
i√
2
θ(+)∗n
↔
∂− θ(+)n
]
P+ = ∂L
∂x˙+
= −Te
2
√
2
e2ρ
[
∂+x
− +
i√
2
θ(−)∗n
↔
∂+ θ(−)n
]
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and similarly for the fermioni onjugate momenta. Sine as usual we get rst
lass onstraints, we have to use lassial Dira brakets whih turn out to be
{ρ(σ), P(σ′)} = {x−(σ), P−(σ′)} = {x+(σ), P+(σ′)} = δ(σ − σ′){
θ∗n(+)(σ), θ(+)m(σ)
}
= − i√
2P+
δnm δ(σ − σ′){
θ∗n(−)(σ), θ(−)m(σ)
}
= − i√
2P−
δnm δ(σ − σ′)
The fermioni Dira brakets onrm one again the neessity of imposing the
ondition (2.5) on the states whih an be desribed.
We notie that the previous brakets do not exhaust all the non vanishing
brakets; there is, for example, the braket
{
x+(σ), θ(+)n(σ)
}
= − 1√
2P−
θ(+)n δ(σ − σ′)
We do not write them sine they do not play any role in the following.
5 Fixing of the residual onformal symmetry.
We are now ready to write our proposal on how to x the residual onformal
gauge symmetry ξ+ → ξ+ = ξ+(ξ+) and ξ− → ξ− = ξ−(ξ−). From a simple
inspetion of eq.s (3.7,3.8) and eq.s (3.9-3.11) it is easy to derive that
P+ = −Te
2
√
2
(
e2c∂+b
)
(ξ+) (5.1)
P− = −Te
2
√
2
(
e2c∂−b
)
(ξ−) (5.2)
We an now x all the remaining onformal symmetry by imposing
P+ = p+
π
(5.3)
P− = p−
π
(5.4)
where p± are onstants. Let us now show how this an be done; we onen-
trate on P+ sine everything an be repeated exatly in the same way for
P−. First of all we notie that P+ is atually the omponent of the 1-form
ω = P+dξ+, then beause of periodiity in σ we an expand ω = P+dξ+ =(
P+0 +
∑
n6=0 P+ne2inξ
+
)
dξ+. Supposing that P+0 6= 0 we an then rewrite the
previous expression as ω = P+0d
(
ξ+ + i2
∑
n6=0
1
n
P+n
P+0 e
2inξ+
)
= P+0dξ+where
we have introdued the new variable ξ
+
thus xing the residual onformal sym-
metry. The last point to prove is that P+0 6= 0, this follows from the onstraint
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on the states whih an be desribed (2.5) whih implies P+(ξ+) 6= 0 and by
notiing that if P+0 = 0 then
∫ pi
0 dσ P+ = 0 whih would imply that P+ hanges
sign in the integration interval and hene it has at least one zero.
Using eq.s (5.3,5.4) and eq.s (5.1,5.2) we an derive c (c) as a funtional of
b (b), expliitly
e−2c = − πTe
2
√
2p+
k(−)∂+b
e−2c = − πTe
2
√
2p−
k(+)∂−b
Inserting these results in the solution for ρ (3.11) we an rewrite it as
ρ = −1
2
log
[(
πTe2√
2p+p−
)2
k(+)k(−)
∂+b∂−b(
1 + bb
)2
]
(5.5)
whih is the general solution for the Liouville problem. The same result an be
reahed substituting eq.s (5.3,5.4) in the ρ equation of motion.
With the help of the gauge xing onditions (5.3,5.4) we an now solve the
Virasoro onstraints (2.4) as
x+(ξ+, ξ−) = − πT
2
√
2p+e2
∫
dξ+ (∂+ρ)
2 − i√
2
∫
dξ+θ(+)∗n
↔
∂+ θ(+)n + x
+
0
(5.6)
x−(ξ+, ξ−) = − πT
2
√
2p−e2
∫
dξ− (∂−ρ)
2 − i√
2
∫
dξ−θ(−)∗n
↔
∂− θ(−)n + x
−
0
(5.7)
where x±0 are the two zero modes onjugate to p±. It is worth pointing out that
eq.s (5.6,5.7) are (as it should, as it follows from the onservation of the energy
momentum tensor) ompatible with the general solution for x± (3.9,3.10), in
fat we an dedue the expliit expression for a and a as
a(ξ+) = − πT
2
√
2p+e2
∫
dξ+
(
∂2+b
∂+b
)2
− i√
2
∫
dξ+θ(+)∗n
↔
∂+ θ(+)n + x
+
0
a(ξ−) = − πT
2
√
2p−e2
∫
dξ−
(
∂2−b
∂−b
)2
− i√
2
∫
dξ−θ(−)∗n
↔
∂− θ(−)n + x
−
0
6 The quantum ation.
Up to now we have found that the only independent dof ome from ρ and θs
sine x± an be expressed through them. To understand whih ation governs
their evolution after having solved the Virasoro onstraints we an rewrite their
6
equations of motion
∂+∂−ρ+ 2
2p+p−
(πT )2
e−2ρ = 0
p+∂−θ(+)n = p
+∂−θ∗n(+) = 0
p−∂+θ(−)n = p
−∂+θ∗n(−) = 0
and their Dira brakets
{ρ(σ),P(σ′)} = δ(σ − σ′){
θ∗n(+)(σ), θ(+)m(σ)
}
= − iπ√
2p+
δnm δ(σ − σ′){
θ∗n(−)(σ), θ(−)m(σ)
}
= − iπ√
2p−
δnm δ(σ − σ′)
These last two Dira brakets suggest to introdue new grassman variables S(±)
as
S(+)n =
√
2
√
2p+θ(+)n S
∗n
(+) =
√
2
√
2p+θ
∗n
(+)
S(−)n =
√
2
√
2p−θ(−)n S
∗n
(−) =
√
2
√
2p−θ∗n(−)
so that the fermioni Dira brakets beome the anonial ones. Moreover these
new grassman variables an be assembled into 2 D=3 omplex spinors as follows
Sn =
(
S(−)n
S(+)n
)
sine θ(+)n (θ(−)n) is the lower (upper) omponent of a 3D spinor Θ(+)n (Θ(−)n).
After these redenitions all of these previous equations of motion and Dira
brakets an be derived from the ation
SAdS3 =
∫
d2ξ
T
2e2
(
∂+ρ∂−ρ+ 2
2p+p−
(πT )2
e−2ρ
)
+
i
2
√
2π
(
S(+)∗n
↔
∂− S(+)n + S
(−)∗n ↔
∂+ S(−)n
)
(6.1)
We an proeed to quantize the theory; as far as the Liouville part is on-
erned we an proeed as in ([25℄) where the proper periodi boundary onditions
are treated (see also ([26℄) for related work with dierent boundary onditions)
while for the fermioni part we get the usual antiommutators
{
S†n(+)(σ), S(+)m(σ)
}
= 2πδnmδ(σ − σ′) (6.2){
S†n(−)(σ), S(−)m(σ)
}
= 2πδnmδ(σ − σ′) (6.3)
To these (anti)ommutation relations we have to add the ommutation relations
for the x± zero modes [
x+, p−
]
=
[
x−, p+
]
= i (6.4)
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As far as the equations whih resolve the Virasoro onstraints (5.6,5.7) they
have to be understood as normal ordered with respet to the osillators whih
satisfy the anonial (anti)ommutation relations, this is speially true for the
ones assoiated with Liouville theory.
The last point to larify is to understand whih operator makes the string
to evolve in time; even if this treatment losely resemble the usual lightone
quantization of the GS superstring in 10D here we nd a non trivial worldsheet
hamiltonian and a trivial, i.e. onstant P± , therefore we dedue the the right
operator to use is the worldsheet hamiltonian.
7 Conlusions.
We an summarize the previous result by saying that we have shown that the GS
ation for type IIB superstring on AdS3 with NSNS bakground is equivalent
to a Liouville theory with worldsheet periodi boundary ondition plus free
fermions.
Up to now we have onsidered only the AdS3 part but it is very easy to
inlude the S3 part; this simply amounts to solve the Virasoro onstraints of
the omplete ation, in partiular we nd for x±
x+ = x+AdS3 −
πT
2
√
2p+e2
∫
dξ+T
SU(2)−WZW
++
x− = x−AdS3 −
πT
2
√
2p−e2
∫
dξ−T SU(2)−WZW−−
We have now a lear quantum formulation of our problem whih should
allow us to takle some problems. The rst one is to onstrut the quantum
isometry generators; this is important beause we expet this bakground to
be exatly onformal and possible anomalies should show up in this algebra
exatly as in the usual at 10D GS ation where the ritial dimensions is
reovered from the request of having an expliit realization of the 10D N = 2
superPoinare' algebra; to this purpose we should extend and make expliit the
results obtained in ([14℄). The seond one is to perform the omputations of
sattering amplitudes in this bakground in order to be able to see the stringy
orretions to the supergravity amplitudes. We ould also onsider branes in
this GS formalism as already done in the NSR formalism ([27℄).
Another important point is what lesson we an learn from this example, we
think that this example shows one more how important it is to be able to nd
the lassial general solution, in fat both the WZWN models and this model
are exatly soluble beause we know the general solution; this means that we
an hope to solve the more important problem of the AdS5 ⊗ S5 bakground
only if we are able to nd the general solution of the assoiated string equations.
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A Conventions.
We will use the following onventions:
• Indies: a, b, . . . ∈ {0, 1, 2}, u, v, . . . ∈ {3, . . . , 9}, i, j, . . . ∈ {3, 4, 5}, r, s, . . . ∈
{6, . . . , 9}; WS indies α, β, . . . ∈ {0, 1}
• Epsilon: ǫ012 = ǫ345 = 1; WS ǫ01 = 1
• metri: ηab = diag(+1,−1,−1) , ηij = diag(−1,−1,−1) , ηrs = diag(−1,−1,−1,−1);
WS ηαβ = diag(1,−1)
• lightone oordinates for AdS3 : x± = 1√2
(
x0 ± x1), ǫ+−2 = −1
• WS lightone oordinates : ξ± = ξ0±ξ1√
2
, ξ± =
ξ0±ξ1√
2
; η+− = η+− = 1;
ǫ+− = −ǫ+− = −1
• WS derivatives: ↔∂= −→∂ −←−∂ ;
↔
d=
−→
d −←−d ; ∂± = ∂0±∂1√2
Referenes
[1℄ J. Maldaena, The Large N Limit of Superonformal Field Theory and Su-
pergravity, Adv. Theor. Math. Phys. 2 (1998)231 (hepth 9711200)
[2℄ S.S. Gubser, I.R. Klebanov and A.M. Polyakov, Gauge Theory Correlators
from Non-Critial String Theory, Phys. Lett. B428(1998)105 (hepth 9802109)
[3℄ E. Witten, Anti de Sitter Spae and Holography, Adv. Theor. Math. Phys.
2 (1998)253 (hepth 9802150)
[4℄ G. Dall'Agata, D. Fabbri, C. Fraser, P. Fre', P. Termonia and M. Trigiante,
The Osp(8|4) Singleton Ation from the Supermembrane, hepth 9807115
[5℄ R.R Metsaev and A.A. Tseytlin, Type IIB Superstring Ation in AdS5× S5
Bakground, Nul. Phys. B533(1998)109 (hepth 9805028);
[6℄ R. Kallosh, J. Rahmfeld and A. Rajaraman, Near Horizon Superspae, JHEP
09(1998)002 (hepth 9805217)
[7℄ R. Kallosh, Superonformal Ations in Killing Gauge, hepth 9807206
[8℄ R. Kallosh and A. Rajaraman, Vaua of M-theory and String Theory, Phys.
Rev. D58(1998)125 (hepth 9805041)
[9℄ I. Pesando, A κ Gauge Fixed Type IIB Superstring Ation on AdS5 × S5,
JHEP 11(1998)002 (hepth 9808020)
[10℄ R. Kallosh and J. Rahmfeld, The GS String Ation on AdS5 × S5, Phys.
Lett. B443(1998)143 (hepth 9808038)
9
[11℄ I. Pesando, All Roads lead to Rome: Supersolvable and Superosets, hepth
9808146
[12℄ R. Kallosh and A.K Tseytlin, Simplifying Superstring Ation on AdS5×S5,
JHEP 10(1998)016 (hepth 9808088)
[13℄ A. Rajaraman and M. Rozali, On the Quantization of the GS String on
AdS5 × S5, hepth 9902046
[14℄ P. Claus and R. Kallosh, Superisometries of the adS×S superspae, hepth
9812087
[15℄ D.Z. Freedman, S.D. Mathur, A. Matusis and L. Rastelli, Comments on
4-point funtions in CFT/AdS orrespondene, hepth 9808006
[16℄ J.H Brodie and M. Gutperle, String orretions to four point funtions in
the CFT/AdS orrespondene, hepth 9809067
[17℄ L- Susskind and E. Witten, The Holographi Bound in Anti-de Sitter Spae,
hepth 9805114
J. Polhinski, S-Matries from AdS Spaetime, hepth 9901076
L. Susskind, Holography in the Flat Spae Limit, hepth 9901079
D. Bak and S.-J. Rey, Holographi View of Causality and Loality via Branes
in AdS/CFT Correspondane, hepth 9902101
J. Polhinski and L. Susskind, Puzzles and Paradoxes About Holography,
hepth 9902182
[18℄ A. Giveon, D. Kutazov and N. Seiberg, Comments on String Theory on
AdS3 , hepth 9806194
[19℄ J. de Boer, H. Ooguri, H. Robins and J. Tannenhauser, String Theory on
AdS3, hepth 9812046
[20℄ M. Yu and B. Zhang, Light Cone Gauge Quantization of String Theories
on AdS3, hepth 9812216
[21℄ K. Ito, Extended Superonformal Algebras on AdS3 , hepth 9811002
N. Ohta and J.-G. Zhou, Thermaliztion of Poinare' Vauum State and
Fermion Emission from AdS3 Blak Holes in Bulk Boundary Correspondane,
hepth 9811057
[22℄ N. Berkovits, C. Vafa and E. Witten ,Conform Field Theory on AdS Bak-
ground with Ramond-Ramond Flux, hepth 9902098
M. Bershadsky, S. Zukov and A. Vaintrob, PSL(N |N) Sigma Model as a
Conformal Field Theory, hepth 9902380
[23℄ I. Pesando, The GS Type IIB Superstring Ation on AdS3×S3×T 4, hepth
9809145
10
[24℄ J. Rahmfeld and A. Rajaraman, The GS String Ation on AdS3 × S3with
Ramond-Ramond Charge, hepth 9809164
J. Park and S. Rey, Green-Shwarz Superstring on AdS3×S3, hepth 9812062
[25℄ T. Curtright and C. Thorn, Phys. rev. Lett. 48 (1982) 1309; Err 48 (1982)
1768
E. Braaten, T. Curtright and C. Thorn, Phys. Lett. 118B (1982) 115
E. Braaten, T. Curtright and C. Thorn, Ann. Phys: 147 (1983) 365
E. Braaten, T. Curtright, G Ghandour and C. Thorn, Phys. Lett. 125B (1983)
301
E. Braaten, T. Curtright, G Ghandour and C. Thorn, Phys. Rev. Lett. 51
(1983) 19
C. Thorn, Phys. Lett. 128B (1983) 207
E. Braaten, T. Curtright, G Ghandour and C. Thorn, Ann. Phys: 153 (1984)
147
[26℄ J.L Gervais and A. Neveu, Nul. Phys. B199 1982 59
J.L Gervais and A. Neveu, Nul. Phys. B209 1982 125
J.L Gervais and A. Neveu, Nul. Phys. B224 (1983) 329
J.L Gervais and A. Neveu, Nul. Phys. B238 (1984) 125, 396
J.L Gervais and A. Neveu, Phys. Lett. 151B (1985) 271
[27℄ S. Staniu, D-branes in an AdS3 bakground, hepth 9901122
11
